POWER SPLIT TRANSAXLE FOR PRODUCING STEPLESS REVERSE, 
FORWARD AND GEARED NEUTRAL SPEED RATIOS 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

This invention relates to power transmissions, more particularly to 
continuously variable, traction transmissions especially those for motor vehicles. 

2. Description of the Prior Art 

10 Various transmissions that produce a continuously variable, stepless 

range of speed ratios have been developed. Usually these transmissions include a 
variator for producing all the speed ratios. One type of variator includes variable 
diameter sheaves driveably engaged by a drive belt or chain, which changes its radius 
of contact on the sheaves as the sheaves move axially. Usually a gearset is required to 

15 produce reverse drive with a belt drive variator of this type. 

Toroidal traction drive transmissions use either half-toroidal or full- 
toroidal traction drives, which typically employ dual cavities for maximum efficiency. 
The dual cavity units have two input discs and two output discs each having a toroidal 
20 or partial toroidal shape. The output discs are typically located centrally between the 
input discs. Each input disk is engaged with an output disc through traction rollers. 
The angle of the rollers is varied to change the drive ratio between the input and 
output discs. 

25 Toroidal variators are used to produce neutral, reverse and slow forward 

drive by combining a direct output from the vehicle's engine and an indirect output 
from the variator, which is reversed in directional sense. In this way the transmission 
produces either a low range of reverse speed ratios, a low range of forward speed 
ratios, and geared neutral, in which the engine is rotating, but the variator output is 
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rotating in the opposite sense and the combined output is zero. 

European Patent EP 0 078 124 describes a transmission that includes an 
input shaft for connection to an engine crankshaft, a rolling traction toroidal race, 
5 continuously- variable variator driven by the input shaft, and a simple epicyclic gearset 
comprising a sun gear, planetary gears on a carrier, and a ring gear. The gearset 
combines the output of the variator with the output of a step-up or step-down gear 
connected to the input shaft. The output of the variator is connected directly to one 
part of the epicyclic gear, the input shaft is connected via a step-up or step-down gear 
10 with another part of the epicyclic gear, and the output of the transmission system 

includes a gear, connectable by a first clutch to a third part of the epicyclic gear and by 
a second clutch to the output of the continuously-variable-ratio transmission. 

SUMMARY OF THE INVENTION 

15 

The invention relates to a power split drive train that includes a variable 
speed ratio path and a fixed speed ratio path. An epicyclic gearset driven at two 
inputs, combines power transmitted from the fixed path and variable path. A coupler 
driveably connects one of the gearset inputs alternately to the fixed path and the 

20 variable path. With the coupler connecting the fixed path and the gearset input, the 
speed ratio of the variable speed ratio path varies over a range that produces a stepless 
range of reverse speed ratios, geared neutral and a stepless range of forward speed 
ratios. With the coupler connecting the variable path and a gearset input, the speed 
ratio of the variable speed ratio path varies over a range that produces a higher range 

25 of stepless speed ratios in forward drive by using the variable spread across the 
variator twice. 

An advantage of this invention is the ability to combine the outputs of 
the fixed speed ratio path and variable speed ratio path with a simple epicyclic gearset 
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and without the complexity of more complicated compound epicyclic gearsets. The 
transmission produces a stepless range of reverse drive speed ratio, geared neutral, and 
a stepless range of forward drive speed ratio. A coupler produces a simple, low cost 
swap or change in operation of the epicyclic gearset by connecting the fixed speed 
5 ratio path alternately to a carrier input of the gearset and the variable speed ratio to the 
carrier. A traction drive variator is particularly suited for use with the kinematic 
arrangement of the transmission. 

A transmission assembly for producing a steplessly variable range of 
10 speed ratios according to this invention includes an input shaft; an output shaft; a 
variable speed ratio path driveably connected to the input shaft and including a first 
output; a fixed speed ratio path driveably connected to the input shaft and including a 
second output; a planetary gearset including a first input connected to the first output, 
a second input connected to the second output, and an output driveably connected to 
15 the output shaft; and a coupler continually driveably connected to the second output, 
and adapted to driveably connect the second output alternately to the first input and the 
second input. 

The invention contemplates a method for operating a power split 
20 transmission according to this invention. The includes using the coupler to connect 
mutually the first output and the second input, varying the speed ratio produced by the 
variable speed ratio path, using the coupler to connect mutually the second output and 
the second input, and varying the speed ratio produced by the variable speed ratio path. 

25 Various objects and advantages of this invention will become apparent 

to those skilled in the art from the following detailed description of the preferred 
embodiment, when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 is a schematic diagram showing a power split transmission 
according to this invention; 

Figure 2 is a cross section showing the variator of Figures 1 and 3; 
5 Figure 3 is a schematic diagram showing another embodiment of a 

power split transmission according to this invention; 

Figure 4 is a chart showing the variation of various drive parameters 
over a range of gear ratios for the variator of Figure 2; and 

Figure 5 is a graph showing the variation of component gear ratios with 
10 the variator gear ratio. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, there is illustrated in Figure 1 a 
15 continuously variable speed ratio, power transmission system having an input shaft 10, 
adapted for a drive connection to a power source such as an engine (not shown), and 
an output shaft 1 1, adapted for a drive connection to the wheels of a motor vehicle or 
another rotating load. 

20 The input shaft 10 drives two parallel torque paths. A fixed speed ratio 

path includes a pinion 12, fixed to the input shaft and meshing with a gear 14, which is 
fixed to an outer sleeve shaft 16. A variable speed ratio torque path includes a variator 
18 having a first cone 20, fixed to and coaxial with the input shaft; a second cone 22, 
fixed to an intermediate shaft 24 coaxial with shaft 16; and a traction element or ring 

25 26 in continuous frictional contact with the outer surfaces of the cones and located 
between the cones. Preferably the cones are truncated, right circular cylindrical cones. 
The traction element 26, looped over cone 20 with a radial gap and passing through a 
space between the cones 20, 22, moves automatically under control of a displacement 
mechanism 28 along the outer surface of the cone 20. In Figure 2, traction element 26 
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is shown at the right-hand extremity 29 of its travel on the cones, where the variator 
produces its highest speed ratio, and at the left-hand end 30 of its travel on the cones, 
where the variator 18 produces its lowest speed ratio. 

5 The outputs 16, 24 of the fixed and variable torque paths, respectively, 

are combined by a simple epicyclic gear indicated generally by the reference number 
32. The epicyclic gearset includes a sun-gear 34, a ring gear 36, a carrier 38 driveably 
connected to sleeve shaft 40, and a set of planet pinions 41 rotatably supported on the 
carrier and meshing with the ring gear 36 and sun gear 34. The output of the variator 

10 18 is continuously driveably connected by shaft 24 to the sun gear 34. The output of 
gearset 32 is taken at ring gear 36, which drives an output pinion 42, which is in 
continuous meshing engagement with output gear 44, fixed to the output shaft 11. 



A coupler 50, which preferably is a dog clutch, but may be a 
15 synchronizer of the type used in a manual transmission for automotive use, includes a 
sleeve 52, supported on a hub 54 for axial sliding movement leftward and rightward. 
Preferably sleeve 52 has a set of spline teeth formed on its inner surface, and hub 54 
has a set of spline teeth on its outer surface continually engaged with those of the 
sleeve 52. Similarly the spines of sleeve 52 are aligned and engageable mutually with 
20 spline teeth on the outer surfaces of a disc 56, which is secured to shaft 16. The spines 
of sleeve 52 are aligned with and engageable mutually with spline teeth on the outer 
surface of a disc 58, which is secured to shaft 24, the output of the variator. 



In operation with the coupler sleeve 52 in the position shown in Figure 
25 1, coupler 50 mutually driveably connects input gear 14 and carrier 38. Another input 
to the gearset 32 is the variable speed ratio output of the variator 18, which is 
driveably connected continually to sun gear 34. Gearset 32 mixes the power output 
from these two torque delivery paths, and drives ring gear 36 at a speed ratio that 
varies in accordance with the speed ratio produced by the variator 18, assuming the 
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speed of the input is constant. 

Variator 18 first produces a low, negative gear ratio in comparison to the 
sense of direction of rotation of input shaft 10. Ring gear 36 and pinion 42 are driven 
5 at relatively high speed and the directional sense of rotation of output shaft 1 1 is high 
and negative, thereby producing reverse drive. As the gear ratio of variator 18 is 
increased negatively, the speed of ring gear 36 and output shaft 1 1 decrease. 
Eventually when the variator gear ratio reaches -0.7232, ring gear 36 and output shaft 
1 1 stop rotating, and the transmission operates in a geared neutral condition. At 
10 negative variator gear ratios slightly less than the geared neutral gear ratio, reverse 
drive is produced. At variator gear ratios slightly larger than the geared neutral gear 
ratio, low speed forward drive is produced. 

As the negative variator gear ratio is increased further, ring gear 36 and 
15 output 1 1 rotate in a positive or forward direction at an increasing speed ratio, which 
increases as the negative gear ratio of the variator increases. This provides forward 
drive at a relatively low speed ratio output, as is required to accelerate a motor vehicle 
from rest. 

20 As the negative variator gear ratio approaches its limit, traction element 

26 approaches the right-hand extremity 29 of its travel. Preferably before the 
maximum variator gear ratio is reached, when the variator gear ratio reaches -2.250 
as shown in Figure 4, the state of coupler 50 is changed by sliding sleeve 52 rightward 
to connect mutually the variator output shaft 24 and carrier 38. This action locks up 

25 the gearset 32. After planetary gearset 32 is locked-up by changing the state of 

coupler 50, the traction element 26 of the variator 18 is continually moved leftward, 
producing higher speed ratios across the variator. Because the planetary gear unit 32 
is locked-up, the transmission output 1 1 is also driven at higher speed ratios. This 
drive condition is operative when the vehicle is at highway speed and the desired 
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speed ratio to be produced by the transmission is high. 

Cone 20 is supported rotatably by bearings 60, 62 coaxial with the axis 
of the input shaft 10; cone 22 is supported rotatably by bearings 64, 66 coaxial with 
5 the axis of shaft 24. The traction element 26 maintains elastic, resilient frictional 
contact with the outer surfaces of the cones due to its location in a space between the 
cones. Variator gear ratio changes occur quickly as the element 26 is sheared along 
the outer surface of the cones by the displacement mechanism, which may be 
controlled by an electronic control system in accordance with computer programmed 
1 0 control algorithms . 

Referring now to Figures 3-5, an arrangement similar to that of Figure 2 
includes the fixed speed ratio path through pinion 12 and gear 14, and a variable speed 
• ratio torque path through variator 1 8. 

15 

The outputs 16, 24 of the fixed and variable torque paths, respectively, 
are combined by a epicyclic gear 70, which includes a sun-gear 72; a ring gear 74; a 
carrier 76, driveably connected to sleeve shaft 40; a first set of planet pinions 78, 
rotatably supported on the carrier 76 and meshing with the sun gear 72; and a second 
20 set of planet pinions 80, coupled with planet pinions 78, rotatably supported on carrier 
76, and meshing with ring gear 74. The output 24 of variator 18 is continuously 
driveably connected to the sun gear 72. The output of gearset 70 is taken at ring gear 
74, which drives an output pinion 42, which is in continuous meshing engagement 
with output gear 44, fixed to the output shaft 11. 

25 

In a preferred embodiment, pinion 12 has 24 teeth, gear 14 has 54 teeth, 
sun gear 72 has 27 teeth, the pinions of planet pinion sets 78 and 80 each have 15 
teeth, ring gear 74 has 57 teeth, the final drive set 42-44 has a gear ratio of - 4.25, and 
the negative gear ratio produced by variator is in the range (0.4 to 2.8). Figure 4 
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shows the values of various parameters over the range of the variator gear ratio, i Var > 
with the input shaft rotating at 1000 rpm. 

The geared neutral condition occurs when the negative gear ratio of 
5 variator 18 is -0.7232. When the variator gear ratio reaches -2.250, the state of 

coupler 50 is changed from the position shown in Figure 3, where the coupler connects 
input gear 14 and carrier 76, to the rightward position, where the variator output shaft 
24 and carrier are connected mutually. This locks-up the planetary gear unit 70. 
Thereafter the traction element 26 is moved leftward and the variator produces higher 
10 speed ratios. Because the planetary gear unit 70 is locked-up, the transmission output 
1 1 is also driven at higher speed ratios. This drive condition is operative when the 
vehicle is at highway speed and the desired speed ratio to be produced by the 
transmission is high. 

15 Figure 5 is a graph showing the variation of the final drive gear ratio and 

the total variator gear ratio with changes over the full range of the variator gear ratio. 

In accordance with the provisions of the patent statutes, the principle and 
mode of operation of this invention have been explained and illustrated in its preferred 
20 embodiment. However, it must be understood that this invention may be practiced 
otherwise than as specifically explained and illustrated without departing from its 
spirit or scope. 
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